Abstract -A chromosomal study of populations of Arvicola terrestris from Anatolia in Turkey and from Central Europe was performed. The diploid number of 36 chromosomes was found in all the specimens examined. The autosomal complement consisted of 12 meta-and submetacentric pairs, two large or medium-sized subtelocentric pairs, and three small acrocentric (Turkey) or subtelocentric (Central Europe) pairs (FNa = 62-68). The X chromosome was medium-sized submetacentric, the Y chromosome was small acrocentric or subtelocentric. All the chromosomes could be reliably identifi ed by their unique G-banding patterns. The C-banding analysis revealed variation in the amount of constitutive heterochromatin in centromeric regions and in short arms of certain autosomes. A unique feature of the C-banded karyotype of individuals from Anatolia was the absence of dark positive regions in most chromosomes. Populations of water vole from Anatolia resemble in their C-band pattern those studied previously in Azerbaijan, and possibly also in the Balkan peninsula, and they are different in this respect from populations in Central Europe and the other parts of the species range. The X chromosome was stained uniformly and C-negatively in populations from Anatolia, whereas a faint dark centromeric C-band was observed in individuals from Central Europe. The Y chromosome was stained C-positively. The active nucleolar organizer regions (NORs) were localized in one pair of small metacentric and two acrocentric autosome pairs in the karyotype of individuals from Anatolia.
INTRODUCTION
The genus Arvicola of the family Cricetidae occurs in an extensive range in Asia and Europe (MUSSER and CARLETON 2005) . The current taxonomic division into two species, A. sapidus (Miller, 1908) restricted to south-western Europe, and A. terrestris (Linnaeus, 1758) of wide Palaearctic distribution, is often considered to be oversimplifi ed and not congruent with known variation extent (KRYŠTUFEK and VOHRALÍK 2005) . PAN-TELEYEV (2001) and MUSSER and CARLETON (2005) recognised the third species, A. scherman (Shaw, 1801) , and the internal taxonomic structure of the genus is still under discussion particularly within the highly polymorphic A. terrestris (we use this species name in respect of long-established usage, see CORBET 1978) . In Turkey, the water vole is relatively rare species with the widely scattered distribution pattern and three subspecies were recognised within the country (MURSALOĞLU 1975, KRYŠTUFEK and VOHRALÍK 2005) .
Chromosomal studies have often signifi cantly contributed to understanding of the phylogeny and systematics of small mammals owing to extensive karyotypic variation recorded in their populations (ZIMA 2000) . Changes in C-heterochromatin amount and distribution are among important mechanisms producing this variation. The conventionally stained karyotype of A. ter-restris was examined in numerous studies, and the older papers describing chromosomes of this species were summarized by ZIMA and KRÁL (1984) . In Turkey, the karyotype of water vole was studied by ÖZKURT et al. (1999) from Central Anatolia (Kırşehir) and by GÖZCELIOĞLU et al. (2006) from Thrace (Kırklareli). DIAZ PRETEL (1978, 1979) , PESHEV and BELCHEVA (1978) , KULIJEV et al. (1978), and GAMPERL et al. (1982) investigated the G-and Cbanding patterns in the karyotype of water voles from various parts of the species range. BURGOS et al. (1989) identifi ed the chromosome rearrangements involved in the karyotypic evolution of three species of the genus Microtus and two species of the genus Arvicola, and they proposed a phylogenetic tree derived from the pattern of chromosomal divergence. SÁNCHEZ et al. (1990) examined the location of the nucleolus organizer regions (NORs) in Arvicola sapidus.
The aim of this study is to perform a chromosomal banding analysis of the karyotype of A. terrestris from two geographic areas with the use of G-and C-banding and Ag-NORs staining, and to compare the results with previous studies regarding the species. The results obtained may fi nd implications in the systematic treatment of the species studied.
MATERIAL AND METHODS
The animals studied in Turkey (one male and four females) were collected from Bolu (Lake Abant -40° 36′ N; 31° 16′ E), Ankara (Ayaş -38° 15′ N; 34° 17′ E) and Aksaray (Güzely-urt -40° 01′ N; 32° 20′ E) provinces. All these specimens belonged to aquatic type sensu PAN-TELEYEV (2001) . The specimens studied in Central Europe (one male, two females) originated from Žofín, the Novohradské hory Mts., Czech Republic (48° 49′ N; 14° 41′ E), Moravian Karst, Czech Republic (49° 21′ N; 16° 42′ E), and the Belianské Tatry Mts., Slovakia (49º 15′ N; 20º 10′ E). These specimens can be classifi ed within the fossorial type of water voles (PANTELEYEV 2001) . Karyotype preparations were obtained from the bone marrow of animals treated with colchicine (FORD and HAMERTON 1956) . After preparation of chromosome slides, conventional Giemsastaining was carried out. G-banding was performed following the technique by SEABRIGHT (1971) . Constitutive heterochromatin and nucleolus organizer regions (NORs) were detected in individual autosomal and sex chromosome pairs via C-banding (SUMNER 1972) and Ag-NORs staining (HOWELL and BLACK 1980) , respectively. The Ag-NOR staining was performed in specimens from Turkey only. From each specimen, 10 to 20 slides were prepared, and at least 20 well-spread metaphase plates were analysed. Chromosome morphologies were determined after calculating centromeric indices. Standard voucher specimens (skins and skulls) are deposited in the Department of Biology, Faculty of Science, Selçuk University, Konya, Turkey and the Institute of Vertebrate Biology, Academy of Sciences, Brno, Czech Republic.
RESULTS
The karyotype of all the studied specimens consisted of 36 chromosomes. The autosomal complement included 12 metacentric pairs and submetacentric pairs (nos. 1-12), two subtelocentric pairs (nos. 13 and 14) and three smaller pairs which occur either as acrocentric or subtelocentric (nos. 15-17). The fi rst ten pairs of meta-and submetacentric autosomes were large or medium-sized, whereas two autosomal pairs (nos. 11, 12) were distinctly smaller within the metacentric group. Two subtelocentric pairs of autosomes were large or medium-sized, respectively, and the group of acrocentric or subtelocentric autosomes included small-sized elements. In specimens originating from Turkey these autosomes were acrocentric with no apparent short arms (NFa = 62), whereas distinct short arms were present on these autosomes in specimens from Central Europe (NFa = 68). The X chromosome was medium-sized submetacentric (NF = 66), and the Y chromosome was a small acrocentric or subtelocentric, comparable in size with the smallest autosomal pair (Fig. 1) .
A distinct difference was observed in the Cbanding chromosome pattern between karyotypes of water voles from Turkey and Central Europe (Fig. 2) . The amount of C-positive heterochromatin was generally rather low in the karyotype of the specimens from Turkey. Conspicuous C-positive dark bands appeared only in one submetacentric (no. 6) and three acrocentric pairs of autosomes (nos. 15, 16, 17) . These C-positive regions were distinct and included relatively large pericentromeric areas. All the other autosomes and the X chromosome were uniformly C-negatively stained.
The C-band karyotype of specimens from Central Europe revealed distinct dark pericen-tromeric bands in most of autosomes. The only exception was the submetacentric pair no. 2 with overall negative staining. The centromeric dark band was rather faint in the metacentric autosome pair no. 4. The subtelocentric autosome pairs no. 13 and 14 revealed distinct dark centromeric bands but the staining of their short arms was C-negative. The short arms of the small autosomes no. 15, 16 and 17 were stained C-positively. However, the telomeric dark Cband in the short arm no. 16 was apparently separated from the distal dark centromeric Cband by a narrow light euchromatic zone. The X chromosome possessed a dark centromeric band but its size was smaller and staining intensity lower compared to centromeric bands ob- served in most autosomes. The Y chromosome was stained C-positively but the intensity of dark staining was lower than in pericentromeric positive bands in autosomes.
All the autosomes and both the sex chromosomes could be reliably identifi ed on the basis of their unique G-banding patterns. Short arms of the subtelocentric chromosome no. 14 were distinctly visible in the G-banded karyotype of Turkish specimens (Fig. 3A) . No apparent differences were observed in the G-banding of euchromatic chromosomal regions between Turkish and European specimens, except of the presence of the darkly stained short arms in pairs no. 15, 16, and 17 in European specimens.
By using silver-nitrate staining in the karyotype of specimens from Turkey, the NORs were localized in the secondary constrictions on the metacentric pair no. 12, and in the pericentromeric C-positive areas of the acrocentric pairs no. 15 and 16. The observed NORs were homomorphic in all the specimens studied (Fig. 3B ).
DISCUSSION
Our results show a distinct divergence of the C-heterochromatin amount and distribution between populations of water voles from Turkey and Central Europe. Comparison with previously published data indicates that this divergence can be followed also in other populations and its geographical nature seems apparent. A karyotype similar to that reported here from Anatolia in Turkey was described in a population from Azerbaijan (Pushkin District) by KULIJEV et al. (1978) . The autosomes nos. 15-17 were characterized as acrocentric with no apparent short arms, and only small centromeric dark bands were revealed on them by C-staining. Unfortunately, the complete C-band karyotype of this population was not presented in fi gures. The Y chromosome was acrocentric, C-positive, and relatively large. The karyotype constitution of water voles from Bulgaria (PESHEV and BELCHEVA 1978) is diffi cult to be assessed with certainty because of a low quality of C-banded karyotype but it seems to be similar to the Turkish type. A similar karyotype was described also in other studies reporting only conventionally stained chromosomes, e.g. RAICU et al. (1971) from Rumania, SOLDATOVIĆ et al. (1967) from Serbia, ÖZKURT et al. (1999) from Anatolia, and GÖZCELIOĞLU et al. (2006) from Turkish Thrace in Europe.
On the other hand, the karyotype described here from the Czech and Slovak republic resembles closely complements reported from various other parts of the range of water vole, e.g. by FREDGA (1968) GUARDIA and PRETEL (1979) from northern Spain. The same C-banding pattern was ascertained also in populations from other studied sites in Azerbaijan and western Siberia (KULIEV et al. 1978) and from Austria (GAMPERL et al. 1982) .
The overall geographical pattern of the distribution of two types of C-heterochromatin distribution in the karyotype of water vole suggests that the complements with low amount of Cpositive regions and acrocentric small autosomes are found in populations in Transcaucasia, Anatolia, and the Balkan peninsula. This karyotypic race is, however, not present in the Iberian peninsula, and the status of Apennine populations is not sure because the available data are rather old (MATTHEY 1957) . It is important to note that the C-heterochromatin rich karyotype occurs also in high-altitude fossorial populations designated as A. scherman exitus or A. t. monticola (SCHMID and LEPPERT 1968; DIAZ DE LA GUARDIA and PRETEL 1979, respectively) . Both exitus and monticola were included among synonyms of A. scherman by MUSSER and CARLETON (2005) .
Distinct variation was found also in the size and centromere position in the Y chromosome. A small subtelocentric Y chromosome was recorded in various European populations (e.g. FREDGA 1968; KRÁL 1972; GAMPERL et al. 1982) , a small acrocentric Y chromosome was found in populations from western Siberia and in some populations from Azerbaijan (KULIEV et al. 1978) . The Y chromosome in the Pushkino population with low amount of C-heterochromatin was also acrocentric but considerably larger than in other populations from Azerbaijan. It seems that the increase in the heterochromatic content of the Y chromosomes is not associated with low amount of C-heterochromatin in autosomes, because the largest Y chromosome was described also from a population studied in northern Spain which karyotype possessed three pairs of distinctly subtelocentric small autosomes (DIAZ DE LA GUARDIA and PRETEL 1979) .
Nucleolus organizer regions have been detected for the fi rst time in this study for A. terrestris. The NOR sites in the autosomes nos. 15 and 16 were associated with heterochromatin regions which are variable in different geographic populations. SÁNCHEZ et al. (1990) localized the NORs in the karyotype of a related species, Arvicola sapidus (2n = 40). The NOR-carrier pairs were a small metacentric autosomal pair and seven acro-or subtelocentric autosomal pairs. The comparison of the G-banding patterns suggests that the small metacentric NOR-bearing autosome of A. sapidus may be identical with the pair no. 12 of A. terrestris, and two acrocentric NOR-bearing autosomes of A. sapidus may be identical with the pairs no. 15 and 16 of A. terrestris as described in the present study. The other NOR sites reported in A. sapidus are apparently not present in the karyotype of the studied populations of A. terrestris. Some of these originally NOR-bearing acrocentric autosomes from the complement of A. sapidus were probably involved in the chromosomal fusions differentiating the karyotypes of A. sapidus and A. terrestris.
We can conclude that geographic divergence in the amount and distribution of C-heterochromatin can be demonstrated in the water vole karyotype that is associated rather with latitudinal than altitudinal distribution pattern. It is still not sure if the divergence between the two C-heterochromatin types is precisely correlated with the fossorial or amphibious way of life of individual populations but this cytogenetic marker can be employed in taxonomic considerations of the species internal structure. Additionally, the characteristics of the Y chromosome and the NORs distribution pattern may also be taken into consideration.
